The number of lean young women has been increasing. Fear of being fat may induce unnecessary attempts to reduce body weight, which can cause several types of illness. Many investigations have demonstrated dysfunction of the hypothalamus and metabolic differences in patients with anorexia nervosa. However, it is unclear whether there are any differences in physical characteristics between women with lower body weight and no illness compared to those of normal body weight. In this study, we investigated the differences in body composition, biochemical parameters, and resting energy expenditure (REE) between young women with low and normal body mass index (BMI). Twenty lean women (BMI Ͻ 18.5 kg/m 2 ) and 20 normal women (18.5 Ϲ BMI Ͻ 25 kg/m 2 ) were recruited for this study. Body composition, biochemical parameters, and REE (REEm: measurement of REE) were measured, and the REE (REEe: estimation of REE) was estimated by using a prediction model. Marked differences were found in body composition. All of the values of blood analysis were in the normal ranges in both groups. REEm (kcal/d and kcal/kg BW/d) was significantly lower in lean than in normal women, but there were no significant differences in the REEm to fat free mass (FFM) ratio between the two groups. In addition, there was good agreement between REEm and REEe obtained from the specific metabolic rates of four tissue organs. These data indicate that the lean women without any illness have normal values of biochemical parameters and energy metabolism compared to women with normal BMI. Key Words lean women, body mass index, body composition, resting energy expenditure
The National Health and Nutritional Examination Survey of Japan in 2008 indicated that the number of lean women aged 20-30 y has been increasing. The ideal body mass index (BMI) is also lower in the young women compared to age matched men and even to women in other age groups. In fact, Takimoto et al. ( 1 ) reported that the BMI, collected every 10 y between 1976 and 2000, has been decreasing among women between 20 and 30 y old. In addition, recent studies indicated that many young Japanese women overestimate their current BMI and express a their desire to lose weight ( 1 , 2 ) . Fear of being fat may induce unnecessary attempts to reduce body weight ( 3 ) . Going on a crash diet to lose weight causes illness and health incidents. In some cases, attempts to become thin are associated with nutritional deficiencies, irregular menstruation, osteoporosis and decreased resting energy expenditure (REE) (4) (5) (6) (7) . Moreover, previous studies suggested that low pre-pregnancy BMI and gestational weight gain are associated with low birth weight ( 8 , 9 ) . Therefore, extreme weight loss may have an impact on not only the women themselves but also on their children. Many investigations indicated a dysfunction of hypothalamus and metabolic changes in patients with anorexia nervosa (AN) associated with excessive weight loss. Most AN patients have low level of estradiol and show amenorrhea or irregular menstruation (10) (11) (12) (13) (14) . A recent study indicated that AN patients have decreased REE ( 15 ) . However, patients with AN account for only a small percentage of the entire female population, and most lean women do not have AN. It is unknown that whether it is even an issue that low BMI in the lean group is a health disorder. Therefore, we evaluated whether young women with low body weight have any differences in body composition or biochemical parameters compared to those with normal body weight.
Usui et al. ( 16 ) demonstrated that estimation of the four tissue organs in healthy adult women with normal BMI (18.5 Ϲ BMI Ͻ 25.0 kg/m 2 ) by using dual energy Xray absorptiometry (DXA) allows successful calculation of REE regardless of age. REE was suggested to be regulated mainly by the mass of the tissue organ rather than a decline in the specific metabolic rate of different tissue organs associated with advancing age. However, very little is known about REE in young women with low BMI. We hypothesized that lean healthy women remain at low body weight because of retaining high metabolic rates. The aim of the present study was to evaluate the differences in body composition, biochemical parameters, and energy metabolism between young healthy women with low and normal BMI.
MATERIALS AND METHODS
Subjects. Twenty female subjects with low BMI (BMI Ͻ 18.5 kg/m 2 ; Lean) were recruited for this study. For comparison with the lean subjects, 20 female subjects with normal BMI (18.5 Ϲ BMI Ͻ 25 kg/m 2 ; Normal) matched with regard to age (20-29 y) and height with the lean subjects were also recruited. All subjects had eumenorrhea without any experience of extreme dieting. None of the subjects had eating disorders or other diseases, and none were taking oral contraceptives or other drugs that could affect their energy expenditure.
All subjects were informed of the purpose and possible risks of the study and written informed consent was obtained. The study was approved by the Human Research Ethics Committee of the Faculty of Sport Sciences of Waseda University for use of human subjects in accordance with the Declaration of Helsinki.
Body composition analysis. Body weight (BW) was measured to the nearest 0.1 kg by using an electronic scale (Inner Scan BC-660, Tanita Co., Tokyo, Japan), and height was measured to the nearest 0.1 cm by using a stadiometer (YL-65, Yamagi, Inc., Nagoya, Japan). Body weight and height were measured with subjects wearing light clothing and no shoes. BMI was calculated by dividing body weight in kilograms by the square of height in meters (kg/m 2 ). The percentage of fat (% body fat), bone mineral content (BMC), and bone mineral density (BMD) of the whole and regional body, and appendicular lean soft tissue (LST) were measured by dual energy X-ray absorptiometry (DXA) (Hologic QDT, DXA Scanner, Hologic Inc., Whaltham, MA, USA). Fat free mass (FFM) and fat mass (FM) were calculated by BW and % body fat.
Measurement of resting energy expenditure (REEm) . Subjects visited the laboratory in the morning, and were asked to minimize any walking while en route from their home to the laboratory before REE determination. REE measurements were performed between 0700 and 0900 h after 10-12 h of fasting and at least 30 min of rest, in absolute silence and at neutral temperature (20-25˚C). The subjects then wore a full face mask, and REE was directly measured by open-circuit indirect calorimetry. Expired air was collected for 10 min twice in Douglas bags, and the mean value was used for the analysis. The subjects were asked to remain awake, quiet and motionless before and throughout the measurement period. All measurements were taken during the follicular phase of the menstrual cycle.
An oxygen and carbon dioxide analyzer (Minato AE300, Minato Medical Science, Tokyo, Japan) was used to analyze the rates of oxygen consumption and carbon dioxide production. The volume of expired air was determined using a dry gas volume meter (DC-5, Shinagawa Corp., Japan). Gas exchange results were converted to REE (kcal/d) using Weir's equation ( 17 ) .
Calculation of tissue organ mass and estimation of REE (REEe).
Bone mass (BM), adipose tissue (AT), skeletal muscle mass (SM), and residual mass (RM) were calculated using the previously reported prediction model as follows ( 16 ) :
Estimation of REE (REEe) was based on the sum of four body compartments (BM, AT, SM, and RM) times the corresponding tissue respiration rate as follows ( 16 , 18 ) .
REEe ϭ 2.3BM ϩ 4.5AT ϩ 13SM ϩ 54RM Blood analysis. Fasting venous blood samples were collected after a fast of 12 h or more. Leukocyte (WBC), erythrocyte (RBC) and platelet (PL) counts, and the concentration of hemoglobin (Hb), hematocrit (Ht), fasting glucose, total cholesterol (T-chol), HDL-cholesterol (HDL-chol), triglycerides (TG), aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase ( ␥ -GTP), triiodothyronine (T 3 ), and estradiol (E 2 ) were measured. Serum and plasma samples were immediately centrifuged, and stored at Ϫ 80˚C until subsequent analysis. All blood parameters were analyzed by SRL, Inc. (Tokyo, Japan).
Statistical analysis. Descriptive subject data are expressed as means Ϯ SD. Student's t -test was used to compare the lean group and the normal group. Statistical significance was set at p Ͻ 0.05. To determine the associations between REEm and REEe, Bland-Altman plots were used.
RESULTS
The characteristics of body composition in the study groups are shown in Table 1 . The BW, BMI, FFM, and FM were significantly lower in the lean group than in the normal group. The % body fat in the lean group was also significantly lower than that in the normal group. BMD of regional body (head and trunk, arms, and legs) were not significantly different between the two groups, although BMD of the whole body was significantly lower in the lean group than in the normal group. The results of blood parameters are shown in Table 2 . No significant differences were observed in most of the parameters between the lean and normal groups, except for WBC, HDL-chol, and AST. WBC was significantly lower, while HDL-chol and AST were significantly higher in the lean group compared to the normal group.
Energy metabolism variables are presented in Table  3 . The REEm (kcal/d) and REEe (kcal/d) in the lean group were significantly lower than those in the normal group; however, there were no differences between the two groups when REEm and REEe were expressed relative to the FFM (kcal/kg FFM/d). The weight and energy expenditure of the four tissue organs are presented in Fig. 1a and b , respectively. The weight of BM, AT, and SM in the lean group were significantly lower compared to the normal group, but RM was not different between the groups. Our data indicated significant differences in the energy expenditure of BM, AT, and SM.
DISCUSSION
The major finding of the present study was that lean tissue and fat mass were significantly lower in the lean group than the normal group, but there were no significant differences between the two groups in terms of most biochemical parameters. In addition, this study suggested the possibility that low BMI subjects with normal menstrual cycles do not have any differences in specific metabolic rates of different tissue organs compared to those with normal BMI. Women with low BMI, especially AN patients, have extremely low BW, FM, and BMD, dysfunction of the hypothalamus, metabolic differences, and irregular menstruation, such as amenorrhea (11) (12) (13) (14) . However, only a few studies have investigated the differences in biochemical parameters and energy metabolism between young healthy women with low and normal BMI (19) . In the present study, the % body fat, FM, and FFM were significantly lower in the low BMI subjects than in the normal BMI subjects. However, the mean % body fat was 20% even in the lean group. The fact that % body fat of lean group was not severely low, may explain the reason that the lean group had a normal menstrual cycle despite having low BMI. Several studies have reported that the % body fat is an important factor to regulate the level of estradiol, which is associated with the normal menstrual cycles (11, 20) . In addition, previous studies suggested that having a normal menstrual cycles contributes to the prevention of excessive BMD loss (21, 22) . Our study only measured BMD of the head and trunk, arms, and legs, as well as total. Our results showed that BMD of the whole body was lower in the lean group than in the normal group. However, the regional body BMD was not significantly different between the two groups. Low body weight related to low bone mass and BMD has been reported in young women, mainly in the context of AN (23, 24) . According to the Japanese Society for Bone and Mineral Research, the mean peak BMD for young Japanese women (YAM: young adult mean) has been set at 1.12 g/cm 2 . Osteoporosis is defined as below 70% of YAM (25) . In the present study, the mean total BMD of the lean group was higher than 70% of YAM. These observations suggested that the lean group with normal menstrual cycles had neither osteopenia nor osteoporosis.
All of the mean values of blood analysis were in the normal ranges in both groups, although WBC, HDLchol, and AST were significantly different between the two groups. With regard to the relationship between being underweight and WBC, only a few studies have reported a decline in leukocyte and lymphocyte counts in patients with AN who were severely thin (26). Nishida and Sakakibara (27) reported that being severely underweight and being on restricted food intake for weight loss in adult women can be risk factors for low WBC as an indicator of malnutrition. Some authors also showed that T-chol, HDL-chol, and LDLchol were higher in AN patients than in healthy subjects as indicators of severe malnourishment (28, 29) . On the other hand, Nova et al. (30) reported that AST was significantly lower in AN patients compared with healthy subjects. However, the AST value was within the normal range in the present study because of the possible adaptive mechanisms that preserve liver function until advanced stages of debilitation such as seen in AN patients (31) . Our data suggested possibility of low BMI subjects did not have restricted food intake and therefore they were not nutritionally deficient.
Many studies have indicated that AN patients have lower REE compared with young healthy controls (7, 32) . It is unclear, however, whether there are any difference in energy metabolism between female subjects with low body weight but who are otherwise healthy compared to those with normal body weight. Our results indicated that REEm (kcal/d) was significantly lower in the lean group than in the normal group. The general tendency of REE is that REE (kcal/d) increases in accordance with body size, and that it is strongly correlated with FFM over a wide range of body sizes (33) . Bossu et al. (19) demonstrated that young women with constitutional thinness, which is characterized by a stably low BW and BMI (BMIϽ16.5 kg/m 2 ) without any hormonal abnormalities, had higher resting metabolic rate adjusted by FFM compared to women with normal BMI or AN patients. We investigated whether the lean group had a higher REEm to FFM ratio than the normal group. That is, low BMI subjects may have higher rates of organ metabolism. When REE is expressed in terms of kcal/kg FFM/d, however, no difference in REE was observed between the two groups in the present study. But the comparative method of REE to FFM (kcal/kg FFM/d) has not always been accurate. Ravussin and Bogardus (34) reported that the resting metabolic rate was overrated in subjects with small FFM and was underrated in those with large FFM. Thus, because of a mathematical bias, it could be incorrect to express metabolic rate data per kilogram FFM to standardize values of control and experimental subjects.
On the other hand, Usui et al. (16) reported that REE can be estimated from tissue organ components by using DXA-estimated tissue organs, as a component of the whole body in women regardless of age, suggesting that the method of estimating the REE could evaluate the differences in the rate of organ metabolism. Based on a previously reported prediction model, a highly significant relationship between REEm and REEe was observed in all subjects (yϭ0.47xϩ564, rϭ0.512, pϽ0.01) and Bland-Altman analysis in the lean group did not indicate any bias in the estimation of REE in the present study (Fig. 2) . In addition, there were no significant between-group differences in REEm-REEe. These findings suggested that the previously reported prediction model using DXA could be generally applicable in low BMI women for prediction of REE. The hypothesis that the specific metabolic rate is constant has been proven, since the measured REE was able to be successfully predicted by the above-mentioned energy metabolic rate of the four tissue organs. It means that our hypothesis that lean women remain at low body weight because of retaining a high metabolic rate has been contradicted. Thus, focusing on the weight or energy expenditure of tissue organ compartments as a component of the whole body, this study suggested that the rate of resting energy expenditure of low BMI subjects was not different from the normal BMI subjects. It is possible that the differences in mass of BM, AT, and SM are important for determination of REE rather than the decline in specific metabolic rates of tissue organs.
In conclusion, the results of this study indicated that otherwise low BMI women have normal values of biochemical parameters and energy metabolism, but have low body composition parameters compared with normal BMI women.
Limitations
There were a few limitations in this study. First, the weight of organ tissues could not be measured directly by DXA, nor could metabolic rates of organ tissues. Second, we did not collect specific information about the subjects' habitual diet or daily physical activity. The mechanism of thinness is still unclear. Therefore, the findings of this study could be useful for detecting one of the mechanisms of constitutional thinness. Third, we could not determine whether lean women who had eumenorrhea did not have any health disorder from this study. We need further investigation using longtiudinal or gene-based study in the future to understand how the body composition or biochemical status of lean women changes with aging.
